Energy requirements have traditionally been determined based on multiples of resting metabolic rate (RMR), known as Physical Activity Levels (PAL). With more data from doubly labelled water studies alternative approaches for estimating energy requirements have been suggested. Statistical analysis reveals that body weight explains more of the variance in total energy expenditure (TEE) than does RMR. The explanation for this phenomenon is that body weight contributes to the variance of both RMR and the other major determinant of TEE, i.e. physical activity related energy expenditure. Thus, in effect, the regression-based approach provides a more physiological appropriate model for TEE. Its major departure from tradition, difference from current adult proposals, and time taken for acceptance are the disadvantages of the regression-based approach.
Introduction
Energy requirements have traditionally been determined based on multiples of resting metabolic rate (RMR), known as Physical Activity Levels (PAL). This approach was developed prior to the availability of doubly labelled water, which provides a more direct estimate of energy requirements as a measure of total energy expenditure (TEE). As more doubly labelled water data becomes available, alternative approaches for estimating energy requirements have been suggested. The purpose of this paper is to provide a comparison of advantages and disadvantages of these two approaches for estimating energy requirements (see Table 1 ).
Regression based approach
The regression based approach for estimating TEE has been suggested in various other studies 1, 2 , as well as, in the analysis of data for infants 3 and children 4 for this consultation in this series of papers. This approach uses multiple regression techniques to develop prediction models of TEE as a function of measured predictor variables such as body weight, age, RMR, etc. The regression approach is a major departure from the convention approach of predicting energy requirements as multiples of RMR.
There are several advantages of the regression based approaches. The first major advantage is that this approach is evidence based and has been developed based on a pool of actual measures of TEE and potential predictor variables. It is worthy to note that both Butte 3 and Torun 4 worked independently to review existing data from infants and children, but yet derived a very similar approach for estimating total energy requirements using a simple, yet effective prediction model. Both prediction equations were based on simple available measures (body weight) and provided relatively accurate predictions of TEE. Interestingly, the data sets that have been used to define regression approaches for TEE are significantly larger than the data sets used elsewhere in this series of papers to derive prediction equations for RMR in children. Clearly further studies and analysis will be required to expand the data sets into more heterogeneous groups, as well as perform cross-validations of the proposed prediction equations on independent data sets. The statistical analysis is revealing in that clearly body weight explains more of the variance in TEE than does RMR, as has been observed in other analysis where RMR typically only explains , 50% of the variance in TEE 5 . The explanation for this phenomenon is that body weight contributes to the variance of both RMR and the other major determinant of TEE, i.e. physical activity related energy expenditure. Thus, in effect, the regression based approach provides a more physiological appropriate model for TEE, as compared to the PAL approach which assumes TEE is composed of multiples of RMR.
The disadvantages of the regression based approach are that it is a major departure from tradition, is different from current adult proposals, and will take time to be accepted. In addition, current equations are based mainly on weight (several also include height, age and gender), and may need to be modified with other variables to specify different activity levels. Nevertheless, since both the regression based approach and the PAL approach are based mainly on weight, a direct comparison of the two approaches can be easily obtained.
PAL approach (multiples of RMR)
The major advantage of the PAL approach is that it is a traditional and commonly used approach. On the surface this approach is simple to use but a closer analysis of this approach reveals several limitations.
First the PAL approach is actually awkward to use in that a two-step prediction is required that could potentially compound prediction error. In the first step, RMR is predicted using body weight based equations. The equations proposed are based on a limited data set for children and infants. In the second step a PAL is applied and the predicted RMR is multiplied by that factor to obtain an estimate of energy requirements. The PALs that are frequently used for light, moderate, and heavy physical activity are somewhat arbitrary, and were not developed specifically for use in children. In general, the PAL approach may not be statistically or mathematically appropriate because it is a ratio (PAL ¼ TEE:RMR). In other words the PAL model assumes a linear relationship between TEE and RMR that has a slope equivalent to PAL and a non-zero intercept. Several studies, including a meta-analysis 6 reveal that the relationship between TEE and RMR is linear but has a variable slope, and more importantly, a variable and frequently non-zero intercept. The non-zero intercept is important since under this condition use of a constant PAL results in spurious differences when subjects are compared across the range of TEE levels (see Fig. 1 ). In an analysis of 574 measures of TEE 7 , the PAL index was validated by showing that it was uncorrelated with RMR, but it was not clear whether the TEE vs. RMR relationship satisfied the non-zero intercept requirement.
From a physiological perspective the assumption of multiples of RMR is also an inaccurate model of TEE, since TEE is composed of the sum of various components Fig. 1 Spurious ratios when comparing children at low, medium and high levels of total energy expenditure (TEE). Data from 231 children previously published 2 showing a regression relationship between TEE and RMR. The three 'hypothetical' children are shown as large circles at low, medium and high levels of energy expenditure. All three children lie on the regression line and therefore have a similar total relative to resting energy expenditure, however, the TEE:RMR ratios are widely different. The difference in the TEE:RMR ratio is a spurious observation because this ratio fails to take into account the non-zero intercept in the relationship between total and resting energy expenditure (RMR þ activity þ thermic effect of a meal) rather than multiples of one single component. Another physiological limitation is that applying PALs to RMR assumes that physical activity energy expenditure is dependent entirely on RMR, which is not the case. Moreover, since RMR is primarily weight dependent (or more specifically lean mass dependent), the PAL approach assumes that physical activity is primarily weight dependent. This may be true for some physical activities but unlikely to be true for all types and levels of physical activity.
Summary and conclusion
A summary of the strengths and limitations of the two approaches is provided in Table 1 . The regression-based approach is recommended since it is evidence based, easier to apply and more statistically and physiologically appropriate. However, during the transition from the traditional PAL approach, it is relatively straightforward to make both approaches available so they can be compared.
